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Abstract 
Streams erode and transport sediments, the loose sediments are moved along the 
bottom of the river channel (sediment transport) either naturally or based on human 
enhanced process from its point of origin and deposited in another location within the 
fluvial system, this process is known as sedimentation. Sediment transport is critical 
to understanding how rivers work, as it is the process relating flowing water in natural 
river system and erosion. As a result, there is need to include mitigation, control and 
management techniques during design, construction and operation to reduce the 
effects and achieve sustainability. This chapter is aimed at reviewing existing 
literature on causes, effects, mitigation and management approaches for erosion, 
sediment transport and sedimentation in rivers and Dams. 
Keywords—erosion; sediment transport; sedimentation; dams and reservoirs 
 
 
1. Introduction 
The process of transportation, wearing off and deposition of solid particles within the river bed or 
boundary, often called sediments is known as erosion and sedimentation. These processes are 
produced by nature rather than by the intent of human beings, erosion and sedimentation have been 
active throughout geological time and have shaped the present landscape of our world[1], [2]. Today, 
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erosion and sediment transport can cause severe engineering and environmental problems. Human 
activities wield a profound impact on erosion which may increase the erosion rate 100 times more 
than the normal erosion rate[3]. Erosion may also cause serious on-site damage to agricultural land 
by reducing the fertility and productivity of soils[4]. 
 
The erodibility of natural materials is heightened by disturbances to the soil structure due to clearing 
and farming activities. The protective cover is weakened by digging, cutting, or burning of existing 
vegetation. Besides producing unneeded or excessive sediment, runoff conditions on land surfaces 
and the hydraulic characteristics of flow in channels are worsened by improvements in surface 
drainage and alterations in the characteristics of natural channels such as meander cut offs. During 
construction, especially that of roads and highways severe erosion can occur because of removal of 
the protective vegetation. Borrow pits, cuts and fills are left unprotected these can cause local scour 
problems along with serious sedimentation downstream [5]. Majority of bridges today are built over 
water ways must of these bridges span over rivers and streams that are incessantly adjusting their 
beds and banks. Bridges built on more active streams are perhaps expected to experience scour 
problems because of stream readjustment. Bridge failure during floods are mostly caused by scouring 
at bridge piers and erosion of abutments[6].  
 
Flow velocity and slope increase due to channel straightening, this condition may initiate channel 
erosion. If the bed of a main stream is lowered, the beds of tributary streams are also lowered. In 
many instances, such bed degradation is beneficial because it restores the flood-carrying capacity of 
channels. However, where parent materials are eroded by a new set of hydraulic conditions, 
degradation may continue far beyond the original bed levels and initiate a completely new erosion 
sequence on the upstream watershed[7]. 
 
Channel stability is influenced by construction of dams because; It traps the incoming sediment, and it 
changes the natural flow and sediment load downstream. As a result, degradation occurs below dams 
and aggradation might increase the risk of flooding upstream of the reservoir. The loss of storage 
capacity in reservoirs. The problems caused by sediment deposition are multifaceted, sediments 
deposits in stream channels reduce flood-carrying capacity, resulting in more frequent overflows and 
greater floodwater damage[8].  
 
The deposition of sediments in irrigation and drainage canals, in navigation channels and flood ways, 
in reservoirs and harbours, on streets and highways, and in buildings not only creates a nuisance but 
inflicts a high public cost in maintenance and removal. Sedimentation is of vital concern in the 
conservation, development, and utilization of our soil and water resources[9]. 
 
Sedimentation in reservoirs is increased during flood and in most cases the amount of sediment 
carried into a reservoir during flood event is at its highest form. For example, in the United States of 
America 5 to 10 days of flow about half of a river’s annual sediment load may be transported. During 
           Water and Environmental Issues 
                        Micropollutant Research Centre (MPRC) 
                                    ISBN xxxxxxxxxxxxxxxxxxxxxx 
121 
 
2017 
and after a particularly violent storm a river may carry as much sediment as it would in several normal 
years. Mudslides caused by earthquakes and volcanoes can have major and adverse effect on 
reservoir sedimentation which is predicted to cause more intense storms, will likely increase both the 
unpredictability and rate of reservoir sedimentation. 
 
Most modern dams are designed so that they can afford to lose some storage capacity without their 
performance being impaired. Dead storage is the part of a reservoir which lies beneath the elevation 
of the dam’s lowest outlet meant for sediment storage. However, sediments do not build up evenly 
along a horizontal plane therefore, some live storage is usually lost long before the dead storage is 
filled. For example, at Tarbela reservoir in Pakistan 12 percent of the live storage had been lost by 
1992 (after 18 years of operation) while 55 percent of the dead storage was still empty of sediment. 
Similarly, Welbedacht reservoir in South Africa completed in 1973 with a storage capacity of 152.2 
million m
3
 in the first thirteen years of its existence lost 66 percent [10]. 
 
Official (government) statistics in India on eleven reservoirs in the country with capacities greater than 
one cubic kilometre shows that they are all filling up with sediment faster than expected, with 
increases over assumed rates ranging from 130 percent in Bhakra dam to 1,650 percent in Nizam 
Sagar dam. Measurements of reservoir sedimentation indicate that the average annual loss in storage 
capacity for some reservoirs is between 0.34 and 1.79 percent. Furthermore, twenty-three large 
reservoirs were investigated in India and only two reservoir’s measured rate of storage loss was less 
than the designed rate. In all other reservoirs investigated, it was more than five times larger than the 
designed rate. Watershed development paper by world bank concluded that in India, erosion and 
sedimentation are not only severe and costly, but accelerating. It is now obvious that the original 
project estimates of expected sedimentation rates were faulty, based on too few reliable data 
overbrief period[11].  
 
Analysis of 268 reservoirs with mean age of 50 years in various locations in Italy was conducted and 
the result showed the following loss of reservoir storage capacity: 1.5 percent of the reservoirs were 
filled by sediment; 4.5 percent had lost 50 percent of their storage capacity and 17.5 percent had lost 
20 percent of their storage. The new Lake Austin of the Colorado river in Texas lost 95.6 percent of its 
capacity in 13 years, in Algeria Habra reservoir lose 58 percent of its storage capacity to sediments in 
22 years, and the Wu-chieh reservoir in Taiwan 98.7 percent in 35 years[12], [13]. The average 
annual loss of storage capacity for 28 reservoirs in Taiwan, China (with original storage capacities 
ranging from 0.65 to 708 million m
3
) is 1.45 percent. In China, the Yellow river is a heavily sediment 
laden river with an annual sediment load of 1.6 billion tons (see figure 1). As of 1989, the losses 
caused by reservoir sedimentation had reached 10.9 billion m
3
, accounting for 21 percent of the total 
storage capacity of all reservoirs on the main stem as well as tributaries. The loss of storage capacity 
in reservoirs in the United States due to sedimentation accounts for an annual monetary loss of US$ 
100 million [14]. 
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 Figure 1: Clearing highly silted Yellow River, China (source [15])  
 
Most of the world’s reservoirs are in the continuous sediments accumulation, despite all the fears over 
reservoir sedimentation it is very rare for a planned project to be stopped because of a lack of 
adequate sediment data. In fact, time and again dam planners have made overoptimistic predictions 
that reservoirs will fill much more slowly than they do. Chixoy is one of several very expensive hydro 
dams built in Central America during the 1970s and 1980s with loans from the World Bank and Inter–
American Development Bank despite the very high and accelerating rates of erosion in their 
watersheds[16], [17]. These dams are now rapidly filling with sediment, leaving small, impoverished 
countries like Guatemala, Honduras and Costa Rica with huge debts and in desperate need of help to 
reduce their dependence on their white elephant dams. Therefore, managing reservoirs to achieve a 
full sediment balance is essential to maximize their lives. 
 
2. Erosion 
River bank erosion can be defined as the gradual wearing or washing away of the banks of a stream 
or river[18]. Soil erosion is a significant environmental issue of common concern in the world today, 
erosion and sediment loading within river basins are caused by changes in land use creating concern 
among stake holders, land owners and water resource managers[19], [20]. Enhanced erosion of 
vertical features such as banks and bluffs may threaten infrastructure and often has a negative impact 
on water quality and aquatic habitat. Slowing erosion of these features and reducing the resultant high 
sediment loads requires a detailed understanding of both erosion rates and processes [21], [22].There 
are two primary process of stream bank erosion i.e. fluvial and mass failure; fluvial erosion is the 
direct detachment or removal of soil particles by flowing water, the rate of this type of river bank 
erosion is influenced by the force of flowing water as well as the resistance of the bank material to 
erosion (see figure 2).  
           Water and Environmental Issues 
                        Micropollutant Research Centre (MPRC) 
                                    ISBN xxxxxxxxxxxxxxxxxxxxxx 
123 
 
2017 
 
Figure 2: Fluvial bank erosion on Knife River India (Source:[23]) 
 
The second form is mass failure which occurs when the weight of a stream bank is more than the 
strength of the soil, causing the bank to caved in a typical case is shown in figure 3[18]. This process 
is dependent upon some factors including the internal strength and cohesion of the soil, water – soil 
ratio, and vegetation. These two erosion processes are linked as fluvial erosion of the bottom of the 
bank creates a steeper bank angle or overhanging soil blocks which are more unstable and likely to 
collapse[20], [24]. Mass failure of river banks due to the fluvial erosion at the toe banks also entrains 
materials into river channels[25]. 
 
Figure 3: Jamuno River bank Bangladesh(Source [26]) 
 
The consequent impact of these fluvial processes will form basis for the formation of several other 
changes in fluvial landscape and landforms changes. To certain extent interface between channel 
evolution and hillslope affects river channel and it’s morphology [27], [28]. Consequently, various 
management ideas, measurements techniques and modelling tools have been developed in order to 
mitigate soil loss due to stream erosion from basins and sediment transport to hydrologic drainage 
systems and structures [29]. Investigations into stream bank erosion rates have been carried out over 
time using conventional, manual and field monitoring methods, these entails the use of erosion pins, 
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cross-section resurveys or terrestrial photogrammetry and historical photographs[30],[31].Table 1 
illustrates different measuring techniques used in erosion measurements. 
 
The conventional approaches are associated with some noteworthy drawbacks as they do not provide 
continuous erosion estimate measurements, but instead provide snapshots of erosion between 
periods of measurements. Recent techniques available to estimate fluvial erosion rates or the 
erodibility parameters are the jet testing device[32], the LIDAR technology and Airborne Laser 
Scanning [33], and the Photo-electronic Erosion Pin (PEEP) . The advantage of the PEEP over the 
traditional methods is its ability to continuously monitor bank retreat, which will better pinpoint the 
exact timing and magnitude of small to moderate erosion events[32]. Erosion pin and cross-sectional 
re-surveys methods are popular approaches as they are relatively cheap, easily set up and monitored, 
and widely accepted method used. Sediment depositions in streams are the product of processes of 
soil erosion and transport within the drainage basin area. The estimation of river bank erosion will be 
of great help to managers and engineers, leading to the proper investment and design of hydraulic 
structures [34]. 
 
Modelling surface erosion at regional scale or drainage basin area are presently done using empirical 
models. The models most commonly used for predicting soil loss and sediment yield are the universal 
soil loss equation (USLE) and its derivatives such as revised universal soil loss equation (RUSLE) 
and modified universal soil loss equation (MUSLE) , hydrologic engineering centre river analysis 
system, (HEC-RAS), water erosion prediction technology (WEPP), agricultural non-point source 
pollution (AGNPS), erosion productivity calculator (EPIC), soil and water assessment tool (SWAT) 
and chemicals, runoff and erosion from agricultural environment systems (CREAMS). More 
sophisticated models used are the neural differential evolution (NDE), artificial adaptive neuro-fuzzy 
inference system (ANFIS), and artificial neural network (ANN) models [35]. 
 
Universal Soil Loss Equation (USLE) and its revised versions (RUSLE) have been used to model soil 
erosion sometimes integrating the parameters of the model in GIS to produce soil erosion risk maps. 
The USLE/RUSLE though empirical without spatial dimensions like some of their counterparts,  are 
however simple to use and their parametric data can easily be transformed into GIS input data 
formats to estimate soil erosion within a river channel, catchments and farmlands [36]. 
 
Table 1: Erosion Measurements Techniques([37]) 
Researcher and Measurement Technique Description of measurement Technique 
Hooke (1979); Measurements of erosion using 
erosion pins. 
 
 
 
 
Study area: River banks in Devon, England. 
Temporal scale: 2.5 years 
Measurement method: Erosion pins of 6.35 mm 
diameter mild steel cut into lengths of 40 and 80 
cm, pins were knocked into the bank at equal 
intervals of 2 or 3 m along a section, with pins 
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Lawler (1991), Lawler (1992), Lawler (1993), 
Lawler (1994); Measurement of river bank 
erosion and lateral changes using PEEP (photo-
electronic erosion pins) 
 
 
 
 
 
 
Barker et al. (1997); Measurement of bank 
erosion using terrestrial photogrammetry 
 
 
 
 
 
 
 
 
 
 
 
Lawler (2008); Development and applications of 
the new PEEP-3T system. 
 
 
 
 
 
 
Constantine et al. (2009); Examining the physical 
meaning of the bank erosion coefficient used in 
meander migration modelling. 
 
 
 
 
 
spaced vertically at 30 cm apart. 
Advantage:  Suitable for large river having 30 to 
700 km2 drainage area. 
Limitation:  Pins are less suitable for gravel 
materials 
 
Applied at different channel patterns; straight and 
sinuous rivers, meander loops of varying 
complexity, and braided rivers. 
Advantage:   Easy to be obtained, maintain, and 
less maintenance.  Detect   small amount   of 
bank retreat (millimeters). 
Accuracy:   Standard error for estimated   length 
as low as 1.26 mm. 
Limitation: Problematic in loosely structured 
gravel banks. Temporal resolution:  0.005 years < 
15 min for daylight events and ± 6 h for nocturnal 
events 
 
This technique is useful for looking at 
mechanisms and location of bank failure. Metric 
terrestrial photography was taken of the river 
bank (River Yarty in Devon, England) and data 
were abstracted using analytical 
photogrammetry. 
Enabled generation of digital terrain model from 
which morphological and volumetric changes 
within the reach. Accuracy:  The spatial resolution 
is far greater than results achieved by erosion 
pins and cross-profiling. 
Limitation:  Data capture is time consuming in 
analytical photogrammetry. 
Need to consider a suitable location for any 
potential photogrammetry   site. Obstacles 
between baseline and bank face, such as 
vegetation, can greatly reduce the applicability by 
obscuring the image. 
 
Developed from the photo-electronic erosion pin 
sensor, produce a continuous sensing system, 
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Nasermoaddeli (2011); Bank erosion in alluvial 
rivers   with non-cohesive soils in unsteady flow. 
 
 
 
 
 
 
 
 
 
 
Connell (2012); Application of a GIS-Stream bank 
video mapping to determine the river bank 
erosion susceptible area. 
 
including addition of nocturnal monitoring through 
the integration of Thermal Consonance Timing 
(TCT). 
Integrated on-site soil and sediment thermal 
regime monitoring. 
Improved electronic and physical design. 
Radiometric operation and light intensity 
monitoring. Temporal resolution:  0.00001 years 
(-5 min) 
Conducted field investigation study measuring 
erodibility of both cohesive and non-cohesive 
banks subjecting the bank material in situ to a 
realistic fluvial shear stress then the use of a 
penetrometer, shear vane or other geotechnical 
index or resistance to collapse. 
Four distinct types of banks:  terrace, 
unconsolidated alluvium with a gravel base, 
unconsolidated alluvium' a sandy base, and clay-
rich. 
Limitation: Not suitable for bank more than 10 m 
height. The apparatus too large and not suitable 
to be used from a boat. 
Conducted field investigation in the hardebek – 
Brokenlander Au, which discharges to the upper 
reach of the river Stoer near Neumuenster in 
North of Germany 
Sandy-bed meandering river with dense non-
cohesive sediments. 
An innovative   monitoring   programme   was 
developed and carried out using the state-of-the-
art measurement techniques. 
Measurements included (1) velocity 
measurement using Acoustic  Doppler 
Velocitmeter  (ADV), Acoustic  Doppler Current  
Profiler  (ADCP);  (2) bathymetry  measurement 
of river bend  using water  echo-sounder  
integrated a Real  Time  Kinematic-Differential 
Global  Positioning System (RTK-DGPS) and 
laser scanner; (3) geotechnical properties   of  
soil using a direct  shear  test  (DIN 18137-DSR),   
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and  microcosm instrument; and  (4)  water level  
measurement using  differential pressure sensor 
(P-LOG520  from Driesen+Kern) 
 
Conducted field investigation and development of 
a Bank Erosion Susceptibility Index (BESI) using 
the stream bank Erosion Video Mapping System 
(SVMS) correlated with Global Positioning 
System (GPS) for Geographic Information 
System (GIS). 
BESI was then applied to the video with erosion 
susceptibility scores being displayed within 
ArcGIS. 
Advantages:  Field time, cost, and environmental 
impact will be reduced, with the most erosion-
susceptible areas being highlighted for 
restoration efforts. 
 
a. Causes/Factors 
Rainfall events and runoff are factors that must be considered in assessing erosion. Raindrops impact 
on the soil surface can break down soil aggregates and disperse the aggregate material. Raindrop 
splash and runoff water can easily remove non-cohesive soil materials such as very fine sand and silt. 
However, to move larger sand and gravel particles, greater raindrop energy or runoff amounts might 
be requirede.g. a waterfall may form, with runoff picking up energy as it plunges over the river channel 
walls, splash back at the base of the river bed erodes the subsoil and eats its way up the slope[38]. 
Soil movement by rainfall (raindrop splash) is usually significant and most noticeable during rainfall 
events with thunderstorm, high intensity and short duration. Although the erosion caused by long-
lasting and less intense storms is not as enormous or noticeable as that produced during 
thunderstorms, the amount of soil loss can be significant, especially when compounded over time. 
Runoff can occur whenever there is excess water on a slope that cannot be absorbed into the soil or 
trapped on the surface. The amount of runoff can be increased if infiltration is reduced due to soil 
compaction, crusting or freezing [32]–[35].Floods have also made stream bank erosion a widespread 
problem, other factors that can accelerate stream bank erosion are; Inundation of bank soils followed 
by rapid drops in flow after flooding, stream bed infill and wave action generated by wind or boat wash 
[31].  
 
Soil erodibility is an estimate of the ability of soils to resist erosion, based on the physical 
characteristics of each soil. Generally, soils with faster infiltration rates, higher levels of organic matter 
and improved soil structure have greater resistance to erosion. Sand, sandy loam and loam textured 
soils tend to be less erodible than silt, very fine sand, and certain clay textured soils. Tillage and 
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cropping practices around rivers and dam sites may lower soil organic matter levels, and cause poor 
soil structure[44], [45]. 
 
Stream banks with vegetation in areas that are prone to graving by livestock are found to erode 
between three to six times faster than those in un -grazed areas because of the direct loosening of 
material and the removal of vegetation through trampling and feeding [46]. For example, Stott [47] 
concluded that the clear felling of conifer trees from riparian areas in a commercial forest plantation 
was the primary reason for an observed increase in bank erosion rates. This change was attributed to 
the increased exposure of stream banks to the effects of weathering of freezing water following timber 
harvesting. The principal causes and controls of bank erosion at any given location can vary both 
spatially and temporally and must be precisely identified and understood if remedial measures are to 
be cost effective and successful[48]–[50]. 
 
Construction of dams and embankments entails using soil, if the soil materials used are not 
compacted properly during construction there will be air voids. Water will easily penetrate these void 
spaces and cause dispersion of the surrounding soil. Small openings maybe formed which will quickly 
develop into tunnels, this has been known to cause piping and bank failure within a few hours when a 
new dam is filled for the first time[51]. 
 
b. Effects of Erosion on Rivers and Dams 
The process by which the stream or river bed erodes to a new lower level at rate higher or faster than 
it should occur naturally is known as bed erosion, lowering or degradation. River beds may be 
susceptible to erosion in both directions either in upstream or downstream, influencing channel 
stability over an extensive length of the stream system or river. Erosion in rivers can effectively 
increase the height of the banks relative to the bed exposing them to collapse easily[52]. 
 
The following highlighted points are effects of erosion on rivers and dams ;(i) Erosion can undermine 
riverbanks, resulting in wide-range channel widening with associated adverse impacts of bank erosion 
on economic and environmental ethics, (ii) Erosion in dams can cause lowering water level which may 
affect water pumps for domestic supplies and or irrigation purposes. Similarly, it may result in damage 
of the dam infrastructures and pumps, (iii) Erosion is also known to cause downstream siltation which 
can adversely affects water availability, aquatic life, flooding, navigation as well as recreational 
pursuits, (iv) River bed erosion or lowering can cause lowering of groundwater level in the adjacent 
floodplain which may prevent water to reach bore wells and adversely affect the aquifer[53]. 
 
3. Sediment Transport 
Some river channels are not formed based on sediment accumulation and not all rivers transport 
sediment. Some have been carved into bedrock, usually in headwater reaches of streams located in 
the high mountains. These are non- alluvial channels that include pools that trap sediment so that 
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long reaches of channel may not carry any sediment. The type of river channel that are self-formed 
based on sediments transported over time downstream in the flow is known as alluvial river, this type  
of river channel formation is the most common on the earth’s surface. Sediment transport is vital to 
understanding how rivers work as it is the set of processes that interfaces between the flowing water 
and the channel boundary. The amount and size of sediment moving through a river channel are 
determined by three fundamental controls: competence, capacity and sediment supply[54]. 
 
i. Competence 
Competence refers to the largest sediment particle or grain size (diameter) that the flow can move 
these feature is a hydraulic limitation. If a river moves very slowly it may not simply have the power to 
assemble and transport sediment of a given size even though such sediment is available to transport. 
So, a river may be competent or incompetent with respect to a given grain size, incompetent if it will 
not transport sediment of the given size and may be considered competent if it can transport sediment 
of the given size if such sediment is available (that is, the river is not supply-limited). 
 
ii. Capacity 
Capacity refers to the maximum amount of sediment of a given size that a stream can transport in 
traction as bedload. For a given sediment supply, capacity depends on channel gradient, discharge 
and the calibre of the load. Capacity transport is the competence-limited sediment transport (mass per 
unit time) predicted by all sediment transport equations, examples of which we will examine below. 
Capacity transport only occurs when sediment supply is abundant (non-limiting). 
 
iii. Sediment supply 
Sediment supply refers to the amount and size of sediment available for sediment transport. Capacity 
transport for a given grain size is only achieved if the supply of that calibre of sediment is not limiting 
(that is, the maximum amount of sediment a stream is capable of transporting is available). Because 
of these two different potential constraints (hydraulics and sediment supply) distinction is often made 
between supply-limited and capacity-limited transport. Most rivers probably function in a sediment-
supply limited condition although we often assume that this is not the case. 
The transport of sediment load in rivers are in various forms although these distinctions are to some 
extent uncontrolled and not always very practical in the sense that not all the components can be 
separated in practice i.e. dissolved load, suspended load, wash load and bed load [55], [56]. 
 
iv. Dissolved load 
Dissolved Load refers to that material which has gone into solution and as formed part of the fluid 
moving through the channel. Since it is dissolved, it does not depend on forces in the flow to keep it in 
the water column. Undissolved material carried by a river regardless of the grain size is known as the 
clastic material, in sediment transport dynamics an important distinction is made between dissolved 
material and clastic materials (boulders and clay). The clastic load of a river is moved by several 
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mechanisms that are the basis for identifying the two major sediment transport modes; suspended 
sediment load and bed material load. 
 
v. Suspended load 
Suspended sediment load refers to the clastic (particulate) material that moves within the channel in 
the water column. These materials, mainly silt and sand, maintains suspension by the upward flux of 
turbulence formed at the bed of the channel. The upward currents must equal or exceed the particle 
fall velocity for suspended-sediment load to be maintained. Suspended sediment concentration is 
conventionally measured as milligrams per litre      ) which is the same number as        
 
vi.  Wash load 
Wash load is referred to as part of suspended sediment load. It is useful here to state the difference 
unlike most suspended sediment load, wash load does not rely on the force of mechanical turbulence 
formed by flowing water to keep it in suspension. It is so fine that it is kept in suspension by thermal 
molecular agitation. Because the particles are always in suspension, wash load is that component of 
the particulate or clastic load that is “washed” through the river system. Unlike coarser suspended 
sediment, wash load tends to be uniformly distributed throughout the water column and it does not 
vary with height above the bed. In lakes deposition of the wash load may eventually occur but only 
after months of settling in an undisturbed pond or lake. Measurements of clastic sediments are done 
using suspended sediment samplers simultaneously, in practice it is not possible to distinguish 
between wash load and the rest of the suspended load. 
 
vii. Bed load (Traction Load) 
Bed load is the clastic (particulate) material that moves through the channel fully supported by the 
channel bed itself. These materials, mainly sand and gravel, are kept in motion (rolling and sliding) by 
the shear stress acting at the boundary. Unlike the suspended load, the bed-load component is 
almost always capacity limited (that is, a function of hydraulics rather than supply). A distinction is 
often made between the bed-material load and the bed load. Bed material load is that part of the 
sediment load found in appreciable quantities in the bed (generally > 0.062 mm in diameter) and can 
be collected in a bed load sampler. That is, the bed material is the source of this load component and 
it includes particles that slide and roll along the bed (in bed-load transport) but also those near the bed 
transported in saltation or suspension. Bed load, can be defined simply defined as that component of 
the moving sediment that is supported by the bed (and not by the flow). That is, the term “bed load” 
refers to a mode of transport and not to a source. 
 
Sediment transport in streams and rivers is a complex process, numerous methods have been 
introduced for measurements and estimation of sediment transport yield functions in the past years 
based on different concepts [57].They include the measurement of suspended sediment load and 
water discharge, measuring total eroded soil and deposited sediments in small catchments and 
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measuring sediment volumes in ponds and lakes these measurement can be done using radiometric 
techniques.  
 
Estimation of sediment inflow to a reservoir can be measured by determining the quantity of sediment 
flowing into the reservoir from the river by collecting water samples from the river, distance away from 
the reservoir. This is achieved mainly using the sediment sampling method. A second approach is to 
estimate the accumulation of sediment in the reservoir: This approach requires the comparison of the 
present state of the reservoir to its state immediately after construction. In this approach, a complete 
data especially the survey of the reservoir after construction must be available for the comparison. 
The Reservoir resurvey method and the remote sensing techniques can be employed [58]. 
 
An appropriate way to estimate the suspended sediment yield of rivers would be to measure 
suspended sediment concentration and water discharge continuously and use the product function as 
an estimate of suspended sediment discharge. Obtaining long duration records of concentration is 
practically impossible owing to issues of cost, number of samples and sampling frequency, 
remoteness of sites, technical difficulties among others. Alternative to these is to measure water 
discharge continuously and to take occasional discrete water samples either manually or using 
automatic sampling equipment for gravimetric analysis of suspended sediment concentration [59].  
The use of sediment-discharge rating curve to estimate sediment yield of suspended sediment 
concentrations are known to be variable for a given discharge because storm flow hydrographs are 
usually used. But not always, they are characterized by higher suspended sediment concentrations 
during the rising limb than the falling. A problem inherent in the rating curve technique can 
underestimate sediment loads by up to 50%, even when the full time series of concentration is 
available, and proposed a simple correction factor based on statistical considerations to remove most 
of the bias and to improve the accuracy of estimates of river load [60]. While considerable number of 
studies have measured, suspended sediment load very few include the bedload portion.  
 
The Helley – Smith sampler can be used to account for the bedload component of the total sediment 
yield, this will further reduce sediments underestimation. Apart from these methods mentioned above, 
there are other methods of estimating sediment, they depend on measurements to derive empirical 
relationship or use empirically checked procedures such as the sediment yield rate weighting factors 
or the universal Soil loss equation to determine sediment rate. These methods are used mainly to 
generate data which is computed into the best and suitable equations to derive the actual reservoir 
sediment. Some of these equations include; Unit stream power, Stream power theory, Van Rijn 
(1984), Ackers and White (1973), Bagnold (1980), Meyer Peter (1934), Meyer- Peter & Muller (1948).  
 
a. Causes/Factors 
The sediment transport regime of a river is determined by a range of factors such as soil grain 
characteristics, sediment supply and its flow conditions. The sediment transport regime can change in 
response to variations in these factors. Sediment transport in rivers can be seen in two forms; supply 
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through erosion and store through deposition these are expected processes that may occur 
throughout the river system with headwater responsible for delivering most of the sediment to lower 
reaches to store and export[61]. Prevailing geomorphological conditions of river system can be 
changed significantly by changes in sediment transport regime of a river channel, these changes 
continue gradually and are either recovery or degradation of the sediment transport regime. In some 
instances, the behaviour of the river sediment transport regime traversed where the regime changes, 
for example, if the river sediment level is in short supply to a point the river becomes starved of 
sediment an erosive regime may develop which can cause increase in channel size and lateral 
migration. Equally, major geomorphological response with new in-channel sediment forms are 
developed by a change from an erosion or transport dominated regime to a deposition denominated 
regime.in river channels. The following are likely causes or factors that can change river system 
sediment transport patterns[62], [63]; 
 
River channel activities; Physical activities such as bank or bed protection, channel widening or 
deepening and channel regrading may alter the characteristics of the water body and consequently 
can change the sediment transport regime of the river system. Sediment transport in a straightened 
river can be increase by changes in flow velocity or increase sedimentation in over widened to 
deepened reaches. In addition, Sediment entrainment can be prevented by bank and bed protection 
which may increase sediment transport capacity downstream. 
 
Rainfall events; Rainfall causes water levels in rivers and streams to initially rise and then return to its 
previous levels (base flow) this can happen within hours or days. Flow rise will increase the stress on 
the bed, making it more likely for water flow to initiate sediment transport. Rainfall duration or 
intensity, over short or extended periods can affect water flow and sediment transport. High intensity 
rainfall over a catchment with loose soil particles and no or least vegetation cover is prone to runoff, 
carrying loose particles into the rivers and streams. Likewise, flooding is also a sediment transport 
agent as it will also transport sediment from the catchment. In fact, for most rivers and streams 
sediment load occurs during flood events. 
 
Structures on rivers; Structures such as barrage or barrier, weirs and sluice create physical barrier to 
flow in rivers and other water bodies adversely affects natural sediment transport patterns. 
Installation, removal or modification of these structures could potentially lead to changes in prevailing 
sediment transport regime. 
 
Linear flood defence (embankment, revetment or dam); These structures also present physical barrier 
to movement of sediment into the river channel after the impoundment and reduce the amount of 
sediment transported by the river and may cause a shift towards an erosional regime further 
downstream. Furthermore, embankment can also prevent deposition on the floodplain and may cause 
the river to adopt a depositional regime due to increased sediment deposits. 
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b. Effects of Sediment Transport on Rivers and Dams 
Sediment transport rate is a function of several variables, as well as the characteristics of the 
suspended particles in terms of size, shape, density and distribution. In addition, the largest river 
discharge does not automatically mean that a river will transport the largest sediment load. The 
quantity and material of the sediment particles, as well as the geography of the terrain will still play a 
contributing role in the sediment load[64]. 
 
Sediment transport removes material from a streambed or bank, the removal process is called 
scouring. Scouring can occur anywhere but more likely to occur in rivers and streams with erodible 
bed and banks as opposed to more cohesive river channels. Sediment transport is mainly because of 
water flow, even during low flow conditions scour can occur. But scour that occur during high flow 
periods i.e. during flood events are typically responsible for critical bridge scour conditions. High flow  
rate can transport more sediment, and turbulence often occurs at the base of a pier as it interrupts 
and accelerates the flow[65]. This turbulence in turn will increase the forces acting on a streambed, 
suspending additional particles and initiating greater sediment transport. If too much sediment is 
removed, the structure can collapse. Scour due to flood-initiated sediment transport is the most 
common cause of bridge failure in the United States. 
 
Sediments are needed to build aquatic territories and reintroduce nutrients for submerged vegetation, 
too much or too little sediment can easily cause ecosystem and safety issues. Whether the concerns 
are caused by scouring, erosion, build up, or simply excessive turbidity, the sediment transport rate is 
an important environmental factor. In addition to the problems cause by load quantity, sediment can 
easily introduce pollution and other contaminants into a river or stream, spreading the pollutants 
downstream[66]. 
 
Sediment deposition is considered extreme when it exceeds the allowable or established total 
maximum daily load (TMDL). TMDL establishes a limit for measurable pollutants and parameters for a 
body of water that means that TMDLs can be created for several different elements of the sediment 
load, including total suspended solids, nutrient impairment, pathogens and siltation. It is important to 
consider whether the river itself is generating the sediment load naturally when developing a TMDL 
report for a river. Nonetheless too much sediment is the more common concern, a lack of sediment 
transport will also cause environmental issues. Without sediment transport and deposition, new 
habitats cannot be formed, and without some nutrient enrichment (carried with sediment into the 
water), submerged vegetation could not grow.  
 
Deposition of sediment caused by sediment transport can also alter river banks and meander 
direction as an unusually high sediment load settles out. Sediment deposition is responsible for 
creating alluvial fans and deltas, but excessive accumulation of sediment can build up channel plugs 
and banks. These deposits then block the river from reaching other stream threads or floodplains 
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depending on the catchment geology and terrain, sediment build-up can damage aquatic ecosystems 
not only in downstream sites but in upstream headwaters as the deposits grow[65]. 
 
Dams and its operations can be hampered by sediment transport rate, water flowing in a river is 
combination of water as well as sediment flowing as a homogenous fluid the sediment load behind the 
dam builds up over time and constitute a problem for the intake structures, storage capacity and 
sometimes eventual collapse of the dam if left to be taken over by sediments without routine 
maintenance. 
 
4. Sedimentation  
Dams are constructed across the rivers and streams to create an artificial lake or reservoir behind it, 
they are the most important and expensive elements in multi-purpose river basin development. They  
require very careful planning, design and operation. Dams can also serve as water preservation 
structure, the reservoir can retain water during seasons with abundant rain event and discharge same 
for use in future during periods when the storage is needed. Sediments are transported by flowing 
rivers, as water flows along with sediments into reservoirs. Dam construction intensely hampers the 
outflow of water and sediment thereby creating an impounded river reach characterized by extremely 
low flow velocity and efficient sediment trapping means[67]. 
 
 Sediments are produced by flowing water as a result of erosion or wearing away of the land surface 
by the action of rain, ice and gravity, sediments comprise of all materials the flowing water can gather 
and transport to the reservoir, this includes top soil layer, fragmented material primarily formed by the 
physical and chemical disintegration of rocks from the earth crust. These sediments are in numerous 
sizes from large boulders to small colloidal size fragment and in varying shape from rounded to 
angular, also have different specific gravity and mineral composition.  The coarse sediments flowing 
close to the river bed are transported as bed load while the finer ones are transported as suspended 
sediment by the river, which will all settle at the bottom of the reservoir, to occupy part of the total 
storage capacity. Sediments are also transported by runoff during the rains and very high during the 
floods as they move all loose particles and materials along their path within and outside the drainage 
basin and deposit into the reservoir[68]–[70].  
 
a. Causes/Factors 
Sedimentation is basically the result of erosion of hilly or semi-hilly tracts of natural streams and 
channels caused by heavy rains, all sediment materials transported by the river flow or runoff into the 
reservoir will unevenly settle at the bottom of the reservoir. Reservoir sedimentation depends mainly 
on the size of a reservoir relative to the amount of sediment flowing into it. A small reservoir on an 
extremely sediment laden river will rapidly lose capacity, a large reservoir on a very clear river may 
take decades to lose an appreciable amount of storage. 
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The rate at which reservoirs are filled with sediments depends clearly on the amount of silt carried by 
the river which feeds it and that, in turn, depends on the rate of soil erosion in the catchment area of 
the river. The factors that determine the rates and process of reservoir sedimentation amongst other 
factors include; Rainfall amount and intensity, Soil type and geologic formation, Ground cover, Land 
use, Topography, Upland erosion (nature of the drainage network-density, slope, shape, size and 
alignment of channel), Runoff, Sediment characteristics grain size, mineralogy, Channel hydraulic 
characteristics. These factors are interrelated and dependent on each other, such that an increase in 
one leads to the increase of the other[71], [72].  
 
b. Effects of Sedimentation on Rivers and Dams 
Dams and reservoirs gradually loses its storage ability as sediments accumulates the proportion of a 
river’s total sediment load captured by a dam is known as its trap efficiency approaches 100 per cent 
for many projects, especially those with large reservoirs. Every reservoir loses storage to 
sedimentation although the rate at which this happens varies widely. Despite more than six decades 
of research, sedimentation is still probably the most serious technical problem faced by the dam 
industry, some sedimentation effects on rivers and dams are enumerated below[73]–[76]. 
 
Loss of Storage capacity; This refers to the build-up of sediment in the reservoir thereby reducing the 
useful storage space meant for water. The accumulation of sediments in a reservoir is a gradual 
process which will reduce and eventually fill up usable storage capacity making the reservoir unusable 
for the purpose it was built for. The sediments are stored behind the dam and do not have a definite 
pattern as they accumulate anywhere around the dam. Sedimentation can render the dam unsafe 
when the flood storage is lost, If the spillway capacity is based on flood storage within the reservoir. 
The major problem associated with sedimentation is reservoir storage loss because one of the 
primary aim of dam construction is to provide adequate storage i.e. water storage. 
 
Delta Formation; The inflow of coarser sediment load is deposited by rivers at the entry points of the 
reservoirs, forming delta deposits which not only reduce reservoir storage capacity but can also cause 
channel aggradations extending to so many meters upstream the reservoir pool. Flooding of 
infrastructure, communities, and agricultural lands on floodplains, increase ground water levels, 
reduce navigational clearance beneath bridges and submerge upstream intakes can be increased due 
to channel aggradation. If delta areas become heavily vegetated, the upstream flood levels can be 
elevated further because of increased hydraulic roughness and the vegetation can trap sediment 
promoting additional aggradations. In arid zones, the transpiration from large areas of phreatic 
vegetation in delta areas can significantly increase water losses from the reservoir. 
 
Navigation; Commercial and recreational navigation water level is a key factor for smooth, easy and 
safe movement. Sedimentation can severely impair this movement, especially in delta areas and near 
locks. In navigation projects created by a chain of low-head dams and locks along a river, essentially 
open river conditions will prevail during high discharges thereby passing most sediment through the 
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structures. However, sedimentation can occur in locks, approach channels, and delta regions. 
Recreational access can be impaired by sedimentation around marinas and boat ramps. 
 
Intakes and outlets blockage; The intakes and outlets are meant for the passage of water but when 
the water carries sediment which may settle at the entrance or inside the passage, and cause 
blockage. Intakes and low-level outlets at dams can be blocked or clog by sediments. Most at times 
intake structure gates can be damaged due to sediment deposition as they are not designed for 
sediment passage 
 
Ecology; Changes in sediment loading and sediment accumulation within the pool can dramatically 
alter reservoir ecology, affecting species composition and both recreational and subsistence fishing. 
In areas where sedimentation continues unabated, open-water habitat will transit to wetlands and 
eventually to upland because of continued sediment deposition above the normal pool elevation 
during flood flows.  
 
Pollution; Irrigation reservoirs seasonally empty with dried deposits of fine sediment can be eroded 
and transported by wind, creating a nuisance and health hazard to nearby communities. 
 
Abrasion; Wearing off a surface by friction is refers to as abrasion. The passage of sediment of varied 
sizes through the pipes and facility especially in hydropower leads to abrasion. Sediments coarser 
than 0.1 mm will greatly accelerate the erosion of turbine runners and Pelton wheel nozzles while, 
angular quartz sediments (e.g., from glaciated watersheds) and high-head operation damage can be 
caused by even smaller grain sizes. Power generation efficiency is reduced and removal of 
generating units from service for repair is required. Abrasion can also damage gate seals, outlet 
works, aprons, and spillways. 
 
Energy loss; Changes in water discharge is caused by sedimentation causes by reducing the 
discharge. Loss of storage affects the potential to capture high flows for subsequent energy 
generation. When a series of Hydropower stations constructed along the same river in series, may 
have tailrace from one power station discharge into the delta reach of another downstream reservoir. 
Delta deposition can elevate the streambed and tailrace water level, reducing the available power 
head and can also cause flooding of the power station. 
 
5. Management And Mitigation Measures 
 
a. Erosion 
Soil erosion potential is increased if the soil has little or no vegetative cover of plants and/or crop 
residues. The vegetative cover protects the soil from direct raindrop impact and splash, and tends to 
slow down the movement of surface runoff and allows excess surface water to infiltrate. The erosion-
reducing effectiveness of vegetative cover depends on the type, extent and quantity of cover. 
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Vegetation that completely cover the soil, which intercept all falling raindrops at and close to the 
surface is the most efficient in controlling erosion. Partially incorporated residues and residual roots 
are also important as these provide channels that allow surface water to move into the soil. The 
effectiveness of any protective cover also depends on how much protection is available at various 
periods during the year, relative to the amount of erosive rainfall that falls during these periods. In this 
respect, consideration should be given to use plants (for vegetative cover) which will provide 
protective cover for a major portion of the year. This can reduce erosion much more than plants which 
can leave the soil bare for a longer period[65]. 
 
Watershed management including afforestation, minimal human disturbance, controlled farming to 
specific crop type along river courses, prevention of unnecessary tree falling or logging activities and 
controlled animal grazing and trampling should be advocatedas a means of reducing or controlling 
streambanks from eroding and one in turn one of the best ways of cutting sediment deposition in 
reservoirs and dams. While these schemes may be recommended in project plans, they are rarely 
implemented: dam–building agencies are usually more interested in putting their funds toward building 
dams than planting trees and digging field terraces[65]. 
 
In many cases, whether river banks are unstable due to human activities, stakeholders try to see that 
rivers maintain its original course. This can be done for environmental reclamation or to prevent a 
river from changing course into land that is being used for other purposes by placing riprap or gabions 
along the bank. 
 
b. Sediment transport 
Developing and maintaining sustainable storage to satisfy global needs requires inclusion of sediment 
transport management practices at project planning, conception, and operation cycle. These practices 
vary depending on the type of facility. For run-of-river projects, sediment management aims to remove 
sediments that can cause abrasion of the turbines and clog cooling water intakes. In a storage project, 
this objective and extending reservoir life span are key[77]–[79]. 
 
Sediment transport management strategies for hydro dams is to extend reservoir longevity and can be 
classified into three categories; (i) to divert some of the sediment through or around the reservoir; (ii) 
to remove or rearrange sediment that has already been deposited, and (iii) to minimize the amount of 
sediment coming into the reservoir from upstream[80]. 
 
Many watersheds experience increased erosion rates due to land use and other human practices. 
Erosion reduction techniques can be achieved by putting up the following measures; Structural or 
mechanical measures such as terraces, conveyance channels, check dams and sediment traps to 
reduce overland or channelized flow velocity, increasing surface storage and thereby reducing the 
sediment load in the runoff. Operational measures minimize erosion through planning, management 
and organization. Examples include timing construction work such that erosion is minimized or 
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scheduling timber harvesting to coincide with favourable soil conditions. Vegetative erosion control 
takes advantage of plants’ natural ability to limit erosion. Agricultural practices that minimize sediment 
yield are particularly effective[81], [82]. 
 
Erosion management is perhaps the most widely recommended but most poorly implemented 
sediment management technique because land users may not see any direct benefits from controlling 
sediment yield. 
 
c. Sedimentation 
Sediment management should be sought as a means of maximising usable storage capacity. A 
review of the methods according to Alessandro et al[83], [84] is presented below; 
 
1.  Flushing  
This a technique whereby the reservoir flow velocity is increased to a level such that the deposited 
sediments are remobilized and transported through low level outlets in the dam. This technique is 
different from sluicing, which is intended to move sediment coming into the reservoir from upstream. 
Flushing is done to remobilize already deposited sediment in the reservoir. There are majorly two 
approaches to flushing i.e. complete drawdown flushing and partial drawdown flushing; Complete 
drawdown flushing occurs when the reservoir is emptied during the flood season, resulting in the 
creation of river like flow conditions in the reservoir. Partial drawdown flushing occurs when the 
reservoir level is drawn down only partially. In this case, the sediment transport capacity in the 
reservoir increases, but usually only enough to allow sediment within the reservoir to be relocated that 
is sediment is moved from upstream locations in the reservoir basin to locations further downstream. 
Low level outlets for flushing operations should be closed to the original river bed level and of 
sufficient hydraulic capacity to achieve full drawdown.  
 
Flushing operations are aimed at recreating river like flow conditions in the reservoir. By doing so, 
sediments deposited are remobilized and transported through the low-level gates to the river reach 
downstream of the dam. This operation is usually done during the flood season. The low-level gates 
are closed towards the end of the flood season to capture clearer water for use during the dry season. 
Flushing with partial drawdown may be used to move sediments from the upper reaches of a reservoir 
to zones closer to the dam. If this is done, studies should be completed beforehand to ensure that 
intake structures and other ancillary facilities are not impacted. Flushing with partial drawdown may be 
used to clear more live storage space and locate the sediment in a slight advantage position for 
impending complete drawdown flushing.  
 
2. Sluicing 
Sluicing is an operational technique by which a considerable portion of the incoming sediment load is 
passed through the reservoir and dam before the sediment particles can settle, thereby reducing the 
trap efficiency of the reservoir. This is accomplished in most cases by operating the reservoir at a 
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lower level during the flood season to maintain sufficient sediment transport capacity (turbulent and 
colloidal) through the reservoir. Higher flow velocities and higher sediment transport capacities in the 
water flowing through the reservoir result from operating the reservoir at these lower levels. The 
increased sediment transport capacity of the water flowing through the reservoir reduces the volume 
of sediment that is deposited. After the flood season, the pool level in the reservoir is raised to store 
relatively clear water. Effectiveness of sluicing operations depends mainly on the availability of excess 
runoff, on the grain size of the sediments and on reservoir morphology. In many cases sluicing and 
flushing are used in combination. 
 
3. Density current venting 
Density currents may develop under exceptional conditions, causing more sediment to be transported 
towards the dam than the relationships for turbulent suspension indicate. Such currents occur 
because the density of the sediment carrying water flowing into the reservoir is greater than the 
density of clear water impounded in a reservoir. The increased density, increased viscosity and 
associated reduction in turbulence intensity result in a coherent current with a high sediment 
concentration that dives underneath the clear water and moves towards the dam. The occurrence of 
density currents in a reservoir requires installation and operation of low-level gates in the dam, this will 
make it possible to pass the sediment current through the dam for discharge downstream. Sediment 
that would have been deposited in the reservoir is released downstream, thus reducing the possibility 
of storage loss. Density current venting is a good means of releasing sediment laden flow because, 
unlike flushing operations, it does not require the lowering of the reservoir level. 
 
4. Mechanical removal techniques 
Mechanical removal of deposited sediment from reservoirs takes place using conventional dredging 
techniques, dry excavation and the hydro suction removal system (HSRS). 
I. Dry excavation (also known as trucking) requires the lowering of the reservoir during the 
dry season when the reduced river flow can be adequately controlled without interference 
with the excavation works. The sediment is excavated and transported for disposal using 
traditional earth moving equipment. Excavation and disposal costs are high, and as such 
this technique is generally used for relatively small impoundments. Reservoirs used for 
flood control may be more suitable for sediment management by trucking, for example the 
technique was used to remove sediments at Cogswell Dam and Reservoir in California. 
Conventional earth moving equipment were used to excavate sediments from the reservoir 
and used as engineered landfill in the hills adjacent the reservoir. 
II. Hydro suction removal system (HSRS). This is a variation of traditional dredging. The 
difference is that the hydraulic head available at the dam is used as the energy for dredging 
instead of pumps powered by electricity or diesel. As such, where there is sufficient head 
available, the operating costs are substantially lower than those of traditional dredging. The 
system consists of a barge that controls the flow in the suction and discharge pipe and can 
be used to move the suction end of the pipe around. The upstream end of the pipe is 
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located at the sediment level in the reservoir and its downstream end is usually draped 
over the dam to discharge sediment and water downstream the river. The arrangement of 
the pipe layout essentially creates a siphon and the suction at the upstream end of the 
siphon is used to evacuate sediment. The system can be used in relatively short reservoirs, 
not longer than approximately 3 km and depends on the elevation of the dam and reservoir. 
 
5. Dredging 
Dredging, the process of removing deposited sediments beneath water is termed dredging. Dredging 
is a highly-specialized activity which is mostly used for clearing navigation channels in ports, rivers 
and estuaries. However, the technology is also often used in reservoirs. Sediment dredging is 
commonly used to reclaim storage lost to sediment deposits. However, conventional hydraulic 
dredging is often much more expensive than the cost of storage replacement and it is generally not 
economically viable to remove all sediment from reservoirs by means of dredging alone. With large 
contracts, the cost of dredging can approach the cost of building a new dam. Disposal of dredged 
material can constitute an environmental problem and suitable mitigating measures, which are 
occasionally quite expensive, must be found depending on the situation. The high sediment 
concentrations generally associated with dredging can be unacceptable from an environmental point 
of view if discharged directly downstream of the dam. However, it may be possible to reduce the 
sediment concentration of the water flowing in the river by releasing clean water from the reservoir 
concurrently with the release of dredged material. If the material is not deposited downstream of the 
dam, then large expanses of land fill may be required. Although dredged material can be a liability, it 
can also be an asset. Dredged sediment can be used in construction i.e. making bricks and can also 
aid in improving marginal soils for agriculture and forestry. 
 
6. Conclusion  
Erosion and sedimentation is the process of transportation, wearing off and deposition of solid 
particles within the river channel or boundary. Erodibility of materials (soil particles) within the river 
channel is largely caused by erosion, human activities and animal grazing. These particles or 
materials are often called sediments. Sediment are mainly classified as; suspended sediments 
(smaller particles) and as bedload (larger particles) flowing with water in rivers and eventually 
transported into reservoirs. Sedimentation in reservoirs and dams is mostly the result of erosion of 
hilly or semi hilly tracts of natural rivers and channel caused by heavy rains.Reservoir sedimentation 
hampers dam’s useful storage capacity thereby causing major challenges in the operations and in 
some cases eventual collapse. Proper management strategies must be employed to minimize erosion 
in rivers and sediment inflow to existing dams and reservoirs as well as concerted efforts towards 
establishing reliable and dependable data for future construction.
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